Suid herpesvirus 1 (SuHV-1) is the causative agent of pseudorabies (PR), a disease of great importance due to the huge losses it causes in the swine industry. The aim of this study was to determine a method for genotyping SuHV-1 based on partial sequences of the gene coding for glycoprotein C (gC) and to elucidate the possible reasons for the variability of this region. A total of 109 gCsequences collected from GenBank were divided into five major groups after reconstruction of a phylogenetic tree by Bayesian inference. The analysis showed that a portion of gC (approximately 671 bp) is under selective pressure at various points that coincide with regions of protein disorder. It was also possible to divide SuHV-1 into five genotypes that evolved under different selective pressures. These genotypes are not specific to countries or continents, perhaps due to multiple introduction events related to the importation of swine.
INTRODUCTION
Suid herpesvirus 1 (SuHV-1) is the causative agent of pseudorabies (PR), a disease with major importance in swine industry because it causes considerable losses in the production chain. PR is listed as one of the most important diseases affecting pigs in the Manual of Diagnostic Tests and Vaccines for Terrestrial Animals of the World Organization for Animal Health (34) . SuHV-1 is a member of the Herpesviridae family, subfamily Alphaherpesvirinae, and has only one serotype. The natural host of this virus is the pig; however, it can infect other domestic animals such as dogs and cattle, causing encephalitis with almost 100% lethality (19) .
SuHV-1 is classified into different genotypes based on restriction endonuclease analysis (3) , but more recent studies conducted in Brazil, the United States and Europe have characterized viral strains based on partial sequencing of UL44 focusing on the region encoding the N-terminal portion of glycoprotein C (10, 9, 20, 12) . The UL44 gene is one of the most variable regions of the SuHV-1 genome (17) . The gene encodes glycoprotein C (gC), which is the main component involved in adhesion to host cell receptors and is considered to be a potent inducer of the immune response. The protein contains eight N-glycosylation sites and three redundant heparin-binding domains (HBDs) (32) . This glycoprotein is involved in two distinct steps of virus adhesion to host cells.
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interaction that results in a more stable binding of the virus to the cells (36) .
The use of molecular data such as nucleotide and amino acid sequences is an essential tool for understanding the variability and epidemiology of the virus. These tools were used to analyze outbreaks occurring in areas of high swine production in Brazil between 1983 and 2003 (9) and in the United States in 1989 (10) . Another relevant analysis is the genetic profiling of the strains circulating in wild boars or pigs (10, 12) or the investigation of the spread of live vaccine strains among feral pigs (12) . These surveys found a high degree of conservation between virus sequences and did not indicate a correlation between outbreak location and phylogenetic groups for SuHV-1. Another common feature in this field is that most research is restricted to the study of SuHV-1 genetic variation in specific territories and does not involve other methods of tree reconstruction besides neighborjoining.
Other methods such as maximum likelihood (ML) and Bayesian inference (BI) have been used for phylogenetic analysis based on amino acids and nucleotide substitutions.
These methods have been used in several studies, including molecular biology analyses of viruses from various countries such as genotyping of bovine leukemia virus, and have produced useful and interesting new data (26) . These bioinformatic tools can also be used to study polymorphism and selective pressure in SuHV-1 nucleotide sequences.
The aim of this study was to use new bioinformatics tools such as ML and BI for analysis of partial sequences of the UL44 gene available in the GenBank. This analysis will lead to a better understanding of the relationship between SuHV-1 isolates from different regions of the globe and the selective pressure and polymorphism found in each group.
MATERIALS AND METHODS

SuHV Sequences
We obtained complete or partial nucleotide sequences of SuHVUL44 from GenBank. All UL44 sequences were analyzed in previous studies (10, 9, 20, 12) , with the exception of sequences from China, South Korea and Malaysia. The 109 sequences were named according to the name of the isolate in 
SuHV-1 Phylogenetic reconstruction
Nucleotide sequences were submitted to three programs for the reconstruction of phylogenetic trees. The MEGA 4.0 program (18) was used to reconstruct a phylogeny by neighbor joining (using the maximum composite likelihood model) with 1000 bootstrap replicates (31) . The best model for the reconstruction of phylogenetic trees was selected using the jModelTest program. The chosen model was the TnR93 with gamma distribution and optimized frequencies of substitution (24) . After choosing the model, reconstruction of the phylogeny by the method of maximum likelihood was performed using the Seaview program (11) . The parameters generated by the jModelTest program were also included in the MrBayes program to create trees using the Bayesian method (16).
Additionally, using MEGA 4.0, the mean distances between and within the groups formed in the phylogenetic trees were determined based on the number of differences.
Evolutionary history of Brazilian SuHV-1 isolates
In addition to the reconstruction of phylogenetic trees as described above, another type of analysis was performed. The 
Predictive analysis of translated sequences
All analyses of the translated sequences were generated using strain NIA-3 as a reference (GenBank accession number D49437). Sequences for the Shope and Bartha strains were also included in this analysis. All sequences were tested using a single file. Afterward, each group found in the phylogenetic tree was tested separated to verify its involvement under different selective pressures.
RESULTS
Phylogenetic tree reconstruction
The results of the phylogenetic analysis showed several differences, especially among more distantly related samples (Figure 1 ). Some eastern samples were placed more distantly using NJ but were positioned next to a group of European isolates using ML and BI. Another difference in phylogeny was the peculiar position of IB341BRA, which was similar using NJ and BI but different using ML. The three sequences for the Bartha vaccine were positioned in different groups. BarthaBRA and BarthaPLOS were positioned in a group of European sequences, and BarthaCHI grouped with samples from China.
Analyses using ML and BI formed five major groups supported by high bootstrap values and credibility (Fig. 1) .
These groups were not as clear using NJ. The groups were named A, B, C, D and E and were characterized primarily by a hotspot between residues 184 and 195 (Fig. 2) . The sequences Fonseca Jr., A.A e t a l .
Glycoprotein C sequences of pseudorabies virus originating from viruses isolated in Europe were distributed among all of the groups.
The distances calculated within each group were 0.1 for A, 3.7 for B, 3.6 for C, 2.7 for D and 7.6 for E. All of these distances were smaller than the distances calculated between groups, as can be seen in Table 1 . 
